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SPECIFICATION 

SPEAKER-CHARACTERISTIC COMPENSATION METHOD FOR MOBILE 

TERMINAL DEVICE 

BACKGROUND OF THE INVENTION 
TECHNICAL FIELD 

i 

The present invention relates to a speaker-characteristic compensation 
method for reducing crosstalk between speakers incorporated in a mobile 
terminal device. 

BACKGROUND ART 

Conventional crosstalk cancellers feature a filter in which, for the 
transfer function through which a virtual sound image corresponding to an 
input signal is supposed to reach the right ear or the left ear of the listener, a 
transfer function is convoluted for canceling crosstalk component that reach the 
right ear or the left ear of the listener. 

Patent Literature l: Japanese Laid-Open Patent Publication No. 1997-327099 
1 (lto2p) 

Patent Literature 2- Japanese Laid-Open Patent Publication No. 2002*111817 
(1 to 2 p, and 9-10 p) 

DISCLOSURE OF THE INVENTION 

To date, it has been a problem that, although, for the transfer function 
that corresponds to a space between a speaker and the listener, a filter exists in 
which a transfer function is convoluted for canceling crosstalk component that 
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reach the right ear or the left ear of the listener, crosstalk between speakers 
within the case of a mobile terminal device is not appropriately reduced. 

A speaker-characteristic compensation method, for a mobile terminal 
device having at least two speakers in a case, according to the present 
invention is configured in such a way as to include steps in which processing for 
reduction of crosstalk between the speakers is applied to input signals supplied 
to the speakers. 

A speaker-characteristic compensation method, for a mobile terminal 
device having at least two speakers in a case, according to the present 
invention is configured in such a way as to include a step in which processing 
for reduction of crosstalk between the speakers is applied to input signals 
supplied to speakers, and can appropriately reduce crosstalk, between the 
speakers, within the case of the mobile terminal device. 

BRIEF DESCRIPTION OF DRAWINGS 

Fig. 1 is a diagram illustrating a reproduction model for a speaker 
reproduction system according to Embodiments 1 to 7; 

Fig. 2 is a conceptual diagram of a speaker-characteristic compensation 
circuit according to Embodiment 11 

Fig. 3 is a conceptual diagram of a speaker-characteristic compensation 

> 

circuit according to Embodiment 2; 

Fig. 4 is a conceptual diagram of a speaker-characteristic compensation 
circuit according to Embodiment 31 

Fig. 5 is a conceptual diagram of a speaker-characteristic compensation 
circuit according to Embodiment 41 
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Fig. 6 is a conceptual diagram of a speaker-characteristic compensation 
circuit according to Embodiment 51 

Fig. 7 is a conceptual diagram of a speaker-characteristic compensation 

* 

circuit according to Embodiment T, 

Fig. 8 is a diagram illustrating a reproduction model for a speaker 

reproduction system according to Embodiments 8; and 

<» » 

Fig. 9 is a conceptual diagram of a speaker-characteristic compensation 
circuit according to Embodiment 8. 

BEST MODE FOR CARRYING OUT THE INVENTION 
Embodiment 1 

The inventor's study proved that a phenomenon occurs that, in the case 
where a single back chamber is shared by two speakers so that a mobile 
terminal device is downsized, a sound wave reproduced by the one speaker 
leaks into the other speaker, due to inner-case acoustic coupling between the 
two speakers. Fig. 1 is a diagram with which the phenomenon is typified. 

A first speaker 1R (the one speaker) and a second speaker 1L (the other 

s 

speaker) illustrated in Fig. 1 are provided in an unillustrated mobile-terminal 

* 

case and share a back chamber. As illustrated in Fig. 1, Reference Character 
Hlr denotes transfer characteristic through which a driving signal Ld for 
driving the second speaker 1L is deformed, at least due to acoustic coupling 
within the case, and emitted from the first speaker 1R; Reference Character 
Hrl denotes transfer characteristic through which a driving signal Rd for 
driving the first speaker 1R is deformed, at least due to acoustic coupling 
within the case, and emitted from the second speaker 1L. In addition, 
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Reference Character Hrr denotes transfer characteristic through which the 
driving signal Rd for driving the first speaker 1R is deformed, due to amplifier 
or speaker characteristic, and emitted from the first speaker 1RJ Reference 
Character Hll denotes transfer characteristic through which the driving signal 
Ld for driving the second speaker. 1L is deformed, due to amplifier or speaker 
characteristic, and emitted from the second speaker 1L. Additionally, 
Reference Characters Sr and Sl denote speaker emission signals emitted from 

» 

the first speaker 1R and the second speaker 1L, respectively, through the 
foregoing deformation. 

As illustrated in Fig. 1, in the mobile terminal device in which inner- 
case acoustic coupling exists, the transfer characteristic Hrr is applied to the 

> * 

driving signal Rd, and the driving signal Ld is acoustically coupled with the 
driving signal Rd, through the transfer characteristic Hlr. Both the driving 
signals are added to each other and emitted. In contrast, the transfer 
characteristic Hll is applied to the driving signal Ld, and the driving signal Rd 
is acoustically coupled with the driving signal Ld, through the transfer 
characteristic Hrl. Both the driving signals are added to each other and 
emitted. Accordingly, the speaker emission signals Sr and Sl that are emitted 
from the first and second speakers Sr and Sl, respectively, can be given by 
Equation 1 below : 
S s - RdHjM + LdHjj, 

From Equation 1, it can be seen that the speaker emission signal Sr 

4 

includes the components of the driving signals Rd and Ld, and the speaker 
emission signal Sl includes the components of the driving signals Ld and Rd. 
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Equation 1 is given on condition that two or more speakers exist. That is why, 
in the case where inner-case acoustic coupling exists, the reproduced sound 
image becomes extremely narrow or reproduction with the sensation of being at 
live events cannot be realized even though a plurality of speakers is utilized for 
the reproduction. 

The inventor paid his attention to the foregoing phenomenon and 
determined to reduce inter-case crosstalk between the speakers, by providing a 
speaker-characteristic compensation circuit illustrated in Fig. 2, at a stage 
before the reproduction system model illustrated in Fig. 1. 

Fig. 2 is a schematic diagram of a speaker-characteristic compensation 
circuit utilized in a mobile terminal device according to Embodiment 1 of the 
present invention. As illustrated in Fig. 2, the speaker-characteristic 
compensation circuit according to Embodiment 1 includes a channel 2R for the 
first speaker 1R and a channel 2L for the second speaker 1L. Additionally, the 
speaker-characteristic compensation circuit includes a first processing device 
3LR for processing an input signal L to the second speaker 1L to create a cross 
component for the first speaker 1R, and a first addition device 4R for adding 
the output signal from the first processing device 3LR to an input signal R that 
is a direct component for the first speaker 1R, thereby outputting the driving 
signal Rd. Similarly, the speaker-characteristic compensation circuit includes 
a second processing device 3RL for processing the input signal R to the first 
speaker 1R to create a cross component for the second speaker 1L, and a second 
addition device 4L for adding the output signal from the second processing 
device 3RL to the input signal L that is a direct component for the second 

* 

speaker 1L, thereby outputting the driving signal Ld. 
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In Embodiment 1, the driving signals Rd and Ld that are outputted 
from the first and second addition devices 4R and 4L, respectively, are utilized 
as the driving signals Rd and Ld explained with reference to Fig. 1. In 
addition, in Embodiment 1, the respective outputs (cross components) from the 
first and second processing devices 3LR and 3RL correspond to reduction 
signals for reducing sounds that leak into from one speaker to the other 
speaker. 

Next, the operation of the speaker-characteristic compensation circuit 
will be explained. The input signal R inputted to the mobile terminal device 
according to the present invention is divided into two signals; one of the signals 
is inputted to the second processing device 3RL, and the other is inputted, as a 
direct component, to the first addition device 4R. Similarly, the input signal L 
inputted to the mobile terminal device according to the present invention is 
divided into two signals; one of the signals is inputted to the first processing 
device 3LR, and the other is inputted, as a direct component, to the second 
addition device 4L. 

The input signal L inputted to the first processing device 3LR passes 
through a filter having characteristic of, e.g., - HLR/HRR and is inputted to the 
first addition device 4R. The first addition device 4R adds the output signal 
(cross component) from the first processing device 3LR to the input signal R 
(direct component), thereby creating the driving signal Rd. Similarly, the 
input signal R inputted to the first processing device 3RL passes through a 
filter having characteristic of, e.g., - HRL/HLL and is inputted to the second 
addition device 4L. The second addition device 4L adds the output signal 
(cross component) from the second processing device 3RL to the input signal L 

6/34 



(direct component), thereby creating the driving signal Ld. 

As can be seen from Fig. 1, when the driving signals Rd and Ld that 
have been created through the foregoing processing instances drive the first 
and second speakers 1R and 1L, respectively, the speaker emission signal Sr 
emitted from the first speaker 1R is given by Equation 2: 



■ «*t (2) 

* 

Additionally, the speaker emission signal Sl emitted from the second 
speaker 1L is given by Equation 3- 



H 

-L(H £JL - Ht * H * L ) 



**** (3) 
In consequence, it can be seen that, with regard to the speaker emission 

signals Sr and Sl, only the R-input-signal component and the Lrinput-signal 

component are emitted, respectively, and either signal component intended for 

the other speaker is cancelled. In other words, according to Embodiment 1, a 

signal can be reproduced for which inner-case acoustic coupling is cancelled, 

whereby an effect in which speaker separation can be enhanced can be 

demonstrated. 
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In addition, according to Embodiment 1, a case has been explained in 
which a reduction signal for reducing a sound that, within a device case, leaks 
from one speaker into the other speaker is obtained by processing an input 
signal to the other speaker. However, the present invention is not limited to 
the foregoing method, but an arbitrary creation method for the reduction signal 
may be employed. The reduction signal may be produced by processing a 
separately created signal. 

In the case where the transfer characteristics HRL and HLR are equal 
to each other or approximate each other enough to be regarded as equal, and 
such is the case with the transfer characteristics HRR and HLL, it is possible to 
assume that HLR = HRL = HX, and HRR = HLL = HD. In this case, the 
transfer characteristics of the first and second processing devices 3LR and 3RL 
can be given by - HX/HD. Additionally, the speaker emission signals Sr 
and Sl emitted from the first and second speakers 1R and 1L are given by 
Equations 4 and 5, respectively. 



S R - RdH D + LdH x 




-RH D - LH x +LH X -R^-H x 




(4) 
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1 



S L m LdH D + RdH x 




(5) 



Accordingly, for example, in the case where two speakers are arranged, 
in a case, bilaterally symmetric or vertically symmetric with each other, 
making the processing devices 3 equal can demonstrate an effect in which 
production costs of signal processing devices are reduced. 

In addition, in Embodiment 1 of the present invention, a speaker- 
characteristic compensation method in the case of a mobile device with two 
input channels and two reproduction speakers has been explained. However, 
the speaker-characteristic compensation method is not limited to a mobile 
device with two input channels and two reproduction speakers, but can be 
applied also to a mobile device with N (N is 3 or more) speakers. 

Additionally, in some cases, the transfer characteristics HLR and HRL 
include speaker characteristics in addition to inner-case acoustic coupling. 
Embodiment 2. 

In Embodiment 1, for processing steps to reduce crosstalks, the first 
and second processing devices 3LR and 3RL are utilized; however, in 
Embodiment 2, a case will be explained in which first and direct processing 
devices 5RR and 5LL, and first and second cross processing device 6LR and 
6RL, which are described later, are utilized. The phenomenon that a sound 
wave reproduced by one speaker leaks into the other speaker, due to inner-case 
acoustic coupling, is similar to the phenomenon illustrated Fig. 1 in 

♦ 

* ■ 
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Embodiment l; therefore, explanation for that will be omitted here. 

Fig. 3 is a schematic diagram of a speaker-characteristic compensation 
circuit utilized in a mobile terminal device according to Embodiment 2 of the 
present invention. As illustrated in Fig. 3, the speaker-characteristic 
compensation circuit according to Embodiment 2 includes a channel 2R for the 
first speaker 1R and a channel 2L for the second speaker 1L. Additionally, the 
speaker-characteristic compensation circuit includes a first direct processing 
device 5RR for processing an input signal R to the first speaker 1R to create a 
direct component for the first speaker 1R, a first cross processing device 6LR for 
processing an input signal L to the second speaker 1L to create a cross 
component for the first speaker 1R, and the first addition device 4R for adding 
the signals created through both the processing instances, thereby outputting a 
driving signal Rd. Similarly, the speaker-characteristic compensation circuit 
includes a second direct processing device 5LL for processing an input signal L 
to the second speaker 1L to create a direct component for the second speaker 
1L, a second cross processing device 6RL for processing an input signal R to the 
second speaker 1R to create a cross component for the second speaker 1L, and 
the second addition device 4L for adding the signals created through both the 
processing instances, thereby outputting a driving signal Ld. 

Next, the operation of the speaker-characteristic compensation circuit 
will be explained. The input signal R inputted to the mobile terminal device 
according to the present invention is divided into two signals; one of the signals 
is inputted to the second cross processing device 6RL, and the other is inputted 
to the first direct processing device 5RR. Similarly, the input signal L 
inputted to the mobile terminal device according to the present invention is 
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divided into two signals; one of the signals is inputted to the first cross 
processing device 6LR, and the other is inputted to the second direct processing 
device 5LL. 

The input signal L inputted to the first cross processing device 6LR 

passes through a filter having characteristic of, e.g., - HLR and is inputted to 

the first addition device 4R. The input signal R inputted to the first direct 

■ 

processing device 5RR passes through a filter having characteristic of, e.g., 
HLL'and is inputted to the first addition device 4R. The first addition device 
4R creates the driving signal Rd. Similarly, the input signal R inputted to the 
second cross processing device 6RL passes through a filter having characteristic 
of, e.g., - HRL and is inputted to the second addition device 4L. The input 
signal L inputted to the second direct processing device 5LL passes through a 
filter having characteristic of, e.g., HRR and is inputted to the second addition 
device 4L. The second addition device 4L creates the driving signal Ld. 

As can be seen from Fig. 1, when the driving signals Rd and Ld that 
have been created through the foregoing processing instances drive the first 
and second speakers 1R and 1L, respectively, a speaker emission signal Sr. 
emitted from the speaker 1R is given by Equation 6- 

-RiH^HjM -H^Hj^) ' (6) 

Additionally, a speaker emission signal Sl emitted from the second 

9 

speaker 1L is given by Equation 7- 
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S.-LdHx+RdHn 

In consequence, it can be seen that, with regard to the speaker emission 
signals Sr and Sl, only the R-input-signal component and the L-input-signal 
component are emitted, respectively, and either signal component intended for 
the other speaker is cancelled. In other words, according to Embodiment 2, a 
signal can be reproduced for which inner-case acoustic coupling is cancelled, 
whereby an effect in which speaker separation can be enhanced can be 
demonstrated. 

Moreover, compared with Embodiment 1, in the case of Embodiment 2, 
an effect is demonstrated in which the respective amplitudes and phases of the 
left and right sounds reproduced through the speaker emission signal Sl from 
the first speaker 1L and the speaker emission signal Sr from the second 

« 

speaker 1R, respectively, can be maintained relative to the corresponding left 
and right input signals to the speakers. 

In the case where the transfer characteristics HRL and HLR are equal 
to each other or approximate each other enough to be regarded as equal, and 
such is the case with the transfer characteristics HRR and HLL, it is possible to 
assume that HLR = HRL = HX, and HRR = HLL = HD. Accordingly, the 
transfer characteristics of the first direct processing device 5RR and the second 
direct processing device 5LL can be given by HD. Similarly, the transfer 
characteristics of the first cross processing device 6LR and the second cross 

* 

processing device 6RL can be given by - HX. 

In this case, the speaker emission signals Sr and Sl emitted from the 
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first and second speakers 1R and 1L are given by Equations 8 and 9, 
respectively. 

S s ~ RdH D + LdH x 

-(rh d -lh x )h d +(lh d -rh x )h x 

*» RHp* —LH X H D LH D H x — RH x 
-R(H D -H x ) 



S L = LdH D + RdH x 

- (Lff 0 -RH X )H D + (RH D - LH X )H : 

* LJti —RH X H p+ RH pH x —JLH X 2, 

-HH D 2 -H X 2 ) 



(9) 



Accordingly, for example, in the case where two speakers are arranged, 
in a case, bilaterally symmetric or vertically symmetric with each other, 
making the direct processing devices 5 or the cross processing devices 6 equal 
can demonstrate an effect in which production costs of signal processing devices 
are reduced. 

In addition, in Embodiment 2, constituent elements the same as or 
equivalent to those in Embodiment 1 of the present invention are denoted by 
the same reference characters, and explanations for those are omitted; thus, 
only different elements have been explained. 



Embodiment 3. 

In Embodiment 2, for processing steps to reduce crosstalks, the first 
and second direct processing devices 5RR and 5LL, and the first and second 
cross processing devices 6LR and 6RL are utilized; however, in Embodiment 3, 
a case will be explained in which first and second post-processing devices 7RR 
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and 7LL, which are described later, are further utilized so that the respective 
speaker emission signals coincide with corresponding speaker input signals in 
amplitude and phase. 

The phenomenon that a sound wave reproduced by one speaker leaks 
into the other speaker, due to inner-case acoustic coupling, is similar to the 
phenomenon illustrated Fig. 1 in Embodiment l; therefore, explanation for that 
will be omitted here. 

Additionally, the first and second direct processing devices 5RR and 
5LL, and the first and second cross processing devices 6LR and 6RL are the 
same as those in Fig. 3 in Embodiment 2; therefore, explanations for those will 
be omitted here. 

Fig. 4 is a schematic diagram of a speaker-characteristic compensation 
circuit utilized in a mobile terminal device according to Embodiment 3 of the 
present invention. As illustrated in Fig. 4, the speaker-characteristic 
compensation circuit according to Embodiment 3 includes the first post- 
processing device 7RR for further processing a signal obtained by addition in 
the first addition device 4R to create a driving signal Rd for driving the first 
speaker 1R and the second post-processing device 7LL for further processing a 
signal obtained by addition in the second addition device 4L to create a driving 
signal Ld for driving the second speaker 1L, in addition to the first and second 
direct processing devices 5RR and 5LL and the first, and second cross 
processing devices 6LR and 6RL, described in Embodiment 2. In Embodiment 
3, the driving signals Rd and Ld that are outputted from the first and second 
post-processing devices 7RR and 7LL, respectively, are utilized as the driving 
signals Rd and Ld explained with reference to Fig. 1. 
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Next, the operation of the speaker-characteristic compensation circuit 
according to Embodiment 3 will be explained. The signal obtained by addition 
in the first addition device 4R is inputted the first post-processing device 7RR. 
The signal inputted to the first post-processing device 7RR passes through a 
filter having characteristic of, e.g., 1/(HLL • HRR - HLR • HRL), whereby the 
driving signal Rd is created. Similarly, the signal obtained by addition in the 
second addition device 4L is inputted the second post-processing device 7LL. 
The signal inputted to the second post-processing device 7LL passes through a 
filter having characteristic of, e.g., 1/(HLL • HRR - HLR * HRL), whereby the 
driving signal Ld is created. 

As can be seen from Fig. 1, when the driving signals Rd and Ld that 
have been created through the foregoing processing instances drive the first 
and second speakers 1R and 1L, respectively, a speaker emission signal Sr 
emitted from the speaker 1R is given by Equation 10- 



1 



Hu.Hrr -HutH*L 
R 



(10) 



Additionally, a speaker emission signal Sl emitted from the second 
speaker 1L is given by Equation 11: . 
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+(R. __ L Hlr y H ^ 

LL**RR 



(11) 



In consequence, it can be seen that, with regard to the speaker emission 
signals Sr and Sl, only the R-input-sighal component and the Lrinput-signal 
component are emitted, respectively, and either signal component intended for 
the other speaker is cancelled. In other words, according to Embodiment 1, a 
signal can be reproduced for which inner-case acoustic coupling is cancelled, 
whereby an effect in which speaker separation can be enhanced can be 
demonstrated. 

Moreover, compared with any one of Embodiments 1 and 2, in the case 
of Embodiment 3, effects of speaker characteristics and innerxase acoustic 
coupling can be cancelled further completely. In other words, the respective 
speaker output signals can approximately coincide with corresponding speaker 
input signals in amplitude or phase. 

In the case where the transfer characteristics HRL and HLR are equal 
to each other or approximate each other enough to be regarded as equal, and 
such is the case with the transfer characteristics HRR and HLL, it is possible to 
assume that HLR = HRL = HX, and HRR = HLL = HD. Accordingly, the 
transfer characteristics of the first post-processing device 7RR and the second 
post-processing device 7LL can be given by 1/(HD 2 - HX 2 ). Analogously, in 
this case, the speaker emission signals Sr and Sl emitted from the first and 
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second speakers 1R and 1L are given by Equations 12 and 13, respectively. 
Sj, - Rdff D + LdH x 

> 

~ ( R JT 2 D „ 2~ L „ 2 *„ TWO. 



! i 2 

R 



tip —ti x tip —**x 
L_(r<^ -H x 2 )*LW x H D ^HpH x y) 



H D -H x 



(12) 



5 X - LdHp +RdH x 

H D 2 ~H X 2 H D i -H x 2 ' ° 

+{R ? D 2 -L *** • W 

1 



2 , r 2 



-L 



(fiHpi-H^-Ri^Hp -HpH x )) 



(13) 



Accordingly, for example, in the case where two speakers are arranged, 
in a case, bilaterally symmetric or vertically symmetric with each other, 
making the post-processing devices 7 equal can demonstrate an effect in which 
production costs of signal processing devices are reduced. 

In addition, in Embodiment 3, constituent elements the same as or 
equivalent to those in Embodiments 1 and 2 of the present invention are 
denoted by the same reference characters, and explanations for those are 
omitted; thus, only different elements have been explained. 

Additionally, Embodiment 3 has been explained on the assumption that 
the first and second post-processing devices 7RR and 7LL are arranged after 
the first and second direct processing devices 5RR and 5LL, respectively, and 
the first and second cross processing devices 6LR~and 6RL, respectively. 
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However, the present invention is not limited to the foregoing arrangement; 
two pre-processing devices may be arranged before the first and second direct 
processing devices 5RR and 5LL, respectively, and the first and second cross 
processing devices 6LR and 6RL, respectively, and may implement processing 
so that the respective speaker emission signals approximately coincide with the 
corresponding speaker input signals in amplitude and phase. 

Embodiment 4. 

In Embodiment 1, for processing steps to reduce crosstalks, the first 
and second processing devices 3LR and 3RL are utilized; however, in 
Embodiment 4, a case will be explained in which first and second multiplication 
processing devices 8LR and 8RL, which are described later, are utilized. 

In addition, the phenomenon that a sound wave reproduced by one 

* 

speaker leaks into the other speaker, due to inner-case acoustic coupling, is 
similar to the phenomenon illustrated Fig. 1 in Embodiment l; therefore, 
explanation for that will be omitted here. 

Fig. 5 is a schematic diagram of a speaker-characteristic compensation 
circuit utilized in a mobile terminal device according to Embodiment 4 of the 
present invention. As illustrated in Fig. 5, the speaker-characteristic 
compensation circuit according to Embodiment 4 includes the first 
multiplication processing device 8LR for processing an input signal L to the 
second speaker 1L to create a cross component for the first speaker 1R and the 
second multiplication processing device 8RL for processing an input signal R to 
the first speaker 1R to create a cross component for the second speaker 1L. 

Next,, the operation of the speaker-characteristic compensation circuit 
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will be explained. The input signal R inputted to the mobile terminal device 
according to the present invention is divided into two signals? one of the signals 
is inputted to the second multiplication processing device 8RL, and the other is 
inputted, as a direct component, to the first addition device 4R. Analogously, 
the input signal L inputted to the mobile terminal device according to the 
present invention is divided into two signals; one of the signals is inputted to 
the first multiplication processing device 8LR, and the other is inputted, as a 
direct component, to the second addition device 4L. 

The input signal L inputted to the first multiplication processing device 
8LR passes through a filter having a characteristic that implements 
multiplication by a scalar value P of less than one to reverse a sign and is 
inputted to the first addition device 4R. The first addition device 4R adds the 
output signal from the first multiplication processing device 8LR to the input 
signal R, thereby creating t&e driving signal Rd. Similarly, the input signal R 
inputted to the second multiplication processing device 8RL passes through a 
filter having a characteristic that implements multiplication by, for example, a 
scalar value a of less than one to reverse a sign and is inputted to the second 
addition device 4L. The second addition device 4L adds the output signal from 
the second multiplication processing device 8RL to the input signal L, thereby 
creating the driving signal Ld. 

As can be seen from Fig. 1, when the driving signals Rd and Ld drive 
the first and second speakers 1R and 1L, respectively, the speaker emission 
signal Sr emitted from the speaker 1R is given by Equation 14: 
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Additionally, a speaker emission signal Sl emitted from the second 
speaker 1L is given by Equation 15: 

*L{H LL -fai gL )-R{aH LL -H nL ) (lg) 

Next, the optimal value of the coefficient p to be utilized in the first 
multiplication processing device 8LR is decided. In other words, in order to 
enhance the separation between the speaker emission signal Sr from the first 
speaker 1R and the input signal L to the second speaker 1L, the value of the 
coefficient (3 may be decided in such , aw ay that the value of (pHRR - HLR) 
makes closest to zero. Accordingly, the optimal coefficient value p* is given by 
Equation 16. 

^^argminlC^-Zf^)! 

(16) 

It can be seen that, in the first multiplication processing device 8LR, 
multiplication of the input signal L and the optimal coefficient value p* enables 
emission of only the R component, for the driving signal Rd, and the other 

- » 

signal component (the L component) is cancelled or reduced. Analogously, the 
optimal value of the coefficient a to be utilized in the second multiplication 
processing device 8RL is decided. In other words, in order to enhance the 
separation between the speaker emission signal Sl from the second speaker 1L 
and the input signal R to the first speaker 1R, the value of the coefficient a may 
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be chosen that makes the value of (aHLL - HRL) closest to zero. Accordingly, 
the optimal coefficient value a* is given by Equation 17. 

a* - arg tmn\(aH u -H^ 

(17) 

It can be seen that, in the second multiplication processing device 8RL, 
multiplication of the input signal R and the optimal coefficient value a* enables 
emission of only the L component, for the driving signal Ld, and the other 

* 

signal component (the R component) is cancelled or reduced. 

As described above, by deciding a* and p* and utilizing a* and p* in the 
first and second multiplication processing devices 8LR and 8RL, a signal can be 
reproduced for which in-case acoustic coupling is cancelled, whereby an effect in 
which speaker separation can be enhanced can be demonstrated. 

Moreover, the costs of producing the foregoing multiplication processing 
devices 8 are low, whereby an effect in which the speaker characteristic 
compensation can be realized at low cost is demonstrated. 

In addition, in Embodiment 4, constituent elements the same as or 
equivalent to those in Embodiment 1 of the present invention are denoted by 
the same reference characters, and explanations for those are omitted; thus, 
only different elements have been explained. 

Embodiment 5. 

* f 

In Embodiment 1, for processing steps to reduce crosstalks, the first 
and second processing devices 3LR and 3RL are utilized; however, in 
Embodiment 5, a case will be explained in which first and second subband 
division devices 9LR and 9RL, first and second subband processing devices 
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1QLR and 10RL, first and second subband synthesis devices 11LR and 11RL, 

* ♦ 

which are described later, are utilized. 

In addition, the phenomenon that a sound wave reproduced by one 
speaker leaks into the other speaker, due to inner-case acoustic coupling, is 
similar to the phenomenon illustrated Fig. 1 in Embodiment l; therefore, 
explanation for that will be omitted here. Additionally, the respective 
additions in the first and second addition devices 4R and 4L are the same as 
those in Embodiment 11 therefore, explanations for those are omitted here. 

Fig. 6 is a schematic diagram of a speaker-characteristic compensation 
circuit utilized in a mobile terminal device according to Embodiment 5 of the 
present invention. As illustrated in Fig. 6, the speaker-characteristic 
compensation circuit according to Embodiment 5 includes the first subband 
division device 9LR, the first subband processing device 10LR, and the first 
subband synthesis device 11LR for processing an input signal L to the second 
speaker 1L to create a cross component for the first speaker 1R, and the second 
subband division device 9RL, the second subband processing device 10RL, and 
the second subband synthesis device 11RL for processing an input signal R to 
the first speaker 1R to create a cross component for the first speaker 1R. 

Next, the operation of the speaker-characteristic compensation circuit 
will be explained. The input signal L to the second speaker 1L is inputted to 
the second adder 4L and to the first subband division device 9LR. The 
subband division device 9LR divides the input signal L into K subbands, based 
on the frequencies. Let the signals obtained through the division by the 
subband division device 9LR be denoted by signals Ll, L2, to LK, in the order of 
band frequency. The signal Ll is inputted to the first subband processing 
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device 10LR1. The signal L2 is inputted to the first subband processing device 
10LR2; the signals up to LK are each inputted to the corresponding first 
subband processing device lOLRj (j ■= 1, 2, to K). The first subband processing 
device lOLRj processes the inputted signal Lj and outputs the resultant signal. 
For instance, the inputted signal Lj is processed with a characteristic that is a 
portion, extracted from the characteristic of - HLR/HRR, that corresponds to 
the bandwidth j. Moreover, the signal Lj receives processing of adding a 
characteristic multiplied by a coefficient yj. The processed output signals from 
the first subband processing device lOLRj are synthesized by the first subband 
synthesis device 11LR and the resultant signal is inputted to the first addition 
device 4R. The first addition device 4R adds the output signal from the first 
subband synthesis device 11LR to the input signal R to the first speaker 1R, 
thereby outputting a driving signal Rd for driving the first speaker 1R. 

Similarly, the input signal R to the first speaker 1R is inputted to the 
first adder 4R and to the second subband division device 9RL. The subband 
division device 9RL divides the input signal R into K subbands, based on the 
frequencies. Let the signals obtained through the division by the subband 
division device 9RL be denoted by signals Rl, R2, to RK, in the order of band 

t V 

frequency. The signal Rl is inputted to the second subband processing device 
10RL1. The signal R2 is inputted to the second subband processing device 
10RL2; the signals up to RK are each inputted to the corresponding second 
subband processing device lORLj (j = 1, 2, to K). The second subband 
processing device lORLj processes the inputted signal Rj and outputs the 
resultant signal. For instance, the inputted signal Rj is processed with a 
characteristic that is a portion, extracted from the characteristic of - HRL/HLL, 
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that corresponds to the bandwidth / Moreover, the signal Rj receives 
processing of adding a characteristic multiplied by a coefficient yj. The 

* 

processed output signals from the second subband processing device lORLj are 
synthesized by the second subband synthesis device 11RL and the resultant 
signal is inputted to the second addition device 4L. The second addition device 
4L adds the output signal from the second subband synthesis device 11RL to 
the input signal L to the second speaker 1L, thereby outputting a driving signal 
Ld for driving the second speaker 1L. 

In the foregoing processing, by, for all the bandwidths, setting the 

coefficient yj to one, an effect the same as that in Embodiment 1 can be 

» 

demonstrated. By changing the coefficient yj, the degree of processing can be 
changed for each bandwidth; for example, by setting the coefficient yj for the 
low-frequency band larger, the low-frequency signal components of the output 
signal can be enhanced. 

In addition, in Embodiment 5, constituent elements the same as or 
equivalent to those in Embodiment 1 described above are denoted by the same 
reference characters, and explanations for those are omitted; thus, only 
different elements have been explained. 

Embodiment 6. 

In Embodiment 1, for processing steps to reduce crosstalks, the first 
and second processing devices 3LR and 3RL are utilized; however, , in 
Embodiment 6, a case will be explained in which unillustrated first and second 
low-pass devices, which are described later, are utilized. In addition, 
Embodiment 6 is the same as Embodiment 1, except that, in Fig. 2, the first 
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and second processing devices 3LR and 3RL are replaced by the first and 
second low-pass devices. 

Additionally, the phenomenon that a sound wave reproduced by one 
speaker leaks into the other speaker, due to inner-case acoustic coupling, is 
similar to the phenomenon illustrated Fig. 1 in Embodiment 1," therefore, 
explanation for that will be omitted here. 

The speaker-characteristic compensation circuit according to 
Embodiment 6 includes the first low-pass device for processing an input signal 
L to the second speaker 1L to create a cross component for the first speaker 1R 
and the second low-pass device for processing an input signal R to the first 
speaker 1R to create a cross component for the second speaker 1L. 

Next, the operation of the speaker-characteristic compensation circuit 
will be explained. The input signal L to the second speaker 1L is inputted to 
the second adder 4L and to the first low-pass device. In the first low-pass 
device, the input signal L receives processing that is implemented through, e.g., 
a characteristic obtained by combining the characteristic of a low-pass filter 
and the characteristic - HLR/HRR. The processed signal outputted from the 
first low-pass device is inputted the first addition device 4R. The first addition 
device 4R adds the output signal from the first low-pass device to the input 
signal R to the first speaker 1R, thereby outputting a driving signal Rd for 
driving the first speaker 1R. Similarly, the input signal R to the first speaker 
1R is inputted to the first adder 4R and to the first low-pass device. In the 
second low-pass device, the input signal R receives processing that is 
implemented through, e.g., a characteristic obtained by combining the 
characteristic of a LPF (low-pass filter) and the characteristic - HRL/HLL. 
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The processed signal outputted from the second low-pass device is inputted the 
second addition device 4L. The second addition device 4L adds the output 

§ 

signal from the second low-pass device to the input signal L to the second 
speaker 1L, thereby outputting a driving signal Ld for driving the second 
speaker 1L. 

According to Embodiment 6, acoustic coupling is cancelled, with regard 
to low-frequency signal components only. Accordingly, a sensation of 
enhancement in high-frequency components can be reduced that is caused by 
mismatching between signals for canceling the high-frequency signal 
components; an effect in which acoustic sound can comfortably be listened to 
can be demonstrated. 

In addition, in Embodiment 6, constituent elements the same as or 
equivalent to those in Embodiment 1 of the present invention are denoted by 
the same reference characters, and explanations for those are omitted; thus, 
only different elements have been explained. 

Additionally, the technique described in Embodiment 6 can be applied 
to the other embodiments than Embodiment 1. 

Embodiment 7. 

In Embodiment 1, for processing steps to reduce crosstalks, the first 
and second processing devices 3LR and 3RL are utilized; however, in 
Embodiment 7, a case will be explained in which a correlation computation 
device 13, a control device 14, first switches 15LRa and 15LRb, second switches 
15RLa and 15RLb, first and second signal processing devices 16LR and 16RL, 
which are described later, are utilized. 
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In addition, the phenomenon that a sound wave reproduced by one 
speaker leaks into the other speaker, due to inner-case acoustic coupling, is 
similar to the phenomenon illustrated Fig. 1 in Embodiment li therefore, 
explanation for that will be omitted here. Additionally, the respective 
additions in the first and second addition devices 4R and 4L are the same as 
those in Embodiment l; therefore, explanations for those are omitted here. 

Fig. 7 is a schematic diagram of a speaker-characteristic compensation 

■ * 

circuit utilized in a mobile terminal device according to Embodiment 7 of the 
present invention. As illustrated in Fig. 7, the speaker-characteristic 
compensation circuit according to Embodiment 7 includes the correlation 
computation device 13 for computing, for each frequency component, the 
correlation between an input signal R to the first speaker 1R and an input 

signal L to the second speaker 1L, the control device 14 for controlling the first 

«* • 

and second switches 15LR and 15RL, based on the correlation between the 
input signals R and L, and the first and second signal processing devices 16LR 
and 16RL. The first switch 15LR is connected with one of the first signal 
processing devices 16LR1 to 16LRK, and the second switch 15RL is connected 
with one of the second signal processing devices 16RL1 to 16RLK. 

Next, the operation of the speaker-characteristic compensation circuit 
will be explained. 

The input signal R to the first speaker 1R is inputted to the first adder 
4R, to the second switch 15RLa, and to the correlation computation device 13. 
The input signal L to the second speaker 1L is inputted to the second adder 4L, 
to the second switch 15LRa, and to the correlation computation device 13. The 
correlation computation device 13 computes, for each frequency component, the 
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correlation between the input signals R and L and inputs the result of the 
computation to the control device 14. The control device 14 to which the result 
of the computation is inputted switches the first switches 15LRa and 15LRb, 
and the second switches 15RLa and 15RLb, in accordance with the coefficient, 
for each frequency, of the correlation between the input signals R and L. For 
example, when the correlation for a specific bandwidth is high, the first switch 
15LR or the second switch 15RL is controlled in such a way as to be connected 
with the signal processing device 16LR or the second signal processing device 
16RL that makes the intensity of the signal component in the specific 
bandwidth zero. In some cases, the first signal processing device 16LR 
implements processing in which, e.g., the characteristic of - HLR/HRR is 
applied, after the intensity of the signal component in a specific bandwidth is 
made zero. In some cases, the first signal processing device 16RL implements 
processing in which, e.g., the characteristic of - HRL/HLL is applied, after the 
intensity of the signal component in a specific bandwidth is made zero. 

Here, high correlation for a specific bandwidth signifies that, in the 
specific bandwidth, the respective signal components of the input signals L and 
R are approximately in-phase. In this situation, the processing for canceling 
acoustic coupling implements addition of an approximately reverse-phase 
signal to an original signal; therefore, the signal component in the high- 
correlation bandwidth is reduced, whereby deterioration in acoustic sensation 
is caused. However, according to the foregoing example, a zero-intensity 
signal is added to the signal component in a high-correlation bandwidth; 
therefore, an effect in which no foregoing deterioration in acoustic sensation 
occurs is demonstrated. 
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Moreover, because in-phase components are originally localized in the 
middle, the listener can obtain a good sound image even though, for the in- 
phase components, acoustic coupling is not cancelled. 

In addition, in Embodiment 7, constituent elements the same as or 
equivalent to those in Embodiment 1 of the present invention are denoted by 
the same reference characters, and explanations for those are omitted; thus, 
only different elements have been explained. 

■ 

i 

j * 

Embodiment 8. 

Fig. 8 is a diagram illustrating a model for a reproduction system 
configured of a plurality of speakers. As illustrated in Fig. 8, because, in the 

reproduction system, N speakers share the back chamber, mutual acoustic 

> 

coupling occurs in the case. The acoustic coupling is termed inner-case 
crosstalk component. Moreover, in the reproduction system, a characteristic is 
also considered in which a signal inputted to a channel in the reproduction 
system is directly transferred to the corresponding speaker and the signal is 
emitted from the speaker. The directly transferred signal is termed a direct 
component. In Fig. 8, the following reference characters are defined. 
Reference Character Sdi denotes a driving signal for driving i-th speaker in the 
reproduction system; Si, a speaker emission signal that is emitted from the i-th 
speaker in the reproduction system; Hii, a transfer characteristic in which the 
driving signal Sdi for the i-th channel is transformed through a speaker 
characteristic, an amplifier characteristic, acoustic coupling, and the like, and 
emitted from the i-th speaker; and Hij, a transfer characteristic in which the 

> * 

driving signal Sdi for the i-th channel is transformed through a speaker 

* 
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characteristic, an amplifier characteristic, acoustic coupling, and the like, and 
emitted from the j-th speaker. 

The emission signal Remitted from the reproduction system in Fig. 8, 
the driving signal Sd for driving the speaker, and the transfer characteristic H 
are given by Equation 18. 



(18) 



(19) 



H- 



H H H 
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From Equations 18 to 20, Equation 21 is yielded. 
HSd 

H il Sd l +H 3i Sd 3 + ..+H„ i Sd„ } 
HJSd v +H n Sdi + • • + H H7 Sd N 
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H w Sd t + H )M Sd 2 + • - • + H MSdj, 
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From Equation 21, it can be seen that the speaker emission signal Si 
includes inner-case crosstalk components from other channels. 

Fig. 9 is a diagram illustrating processing that enables the inner-case 
crosstalk components represented by Equation 21 to be cancelled. An inner- 
case crosstalk canceling filter is provided in which an input signal Xi to a 
channel / is processed with a filter Gij, added to a channel j\ and the resultant 



signal is multiplied by a scalar value a. Here, let the input signal Xi and the 
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filter Gij be represented by Equation 22 below: 



(22) 



_ > 

From Equation 22, it can be assumed that the filter characteristic of G 
is represented, for example, by Equation 23 below: 



G~ 



(23) 



where Qij is the cofactor of the (i, j) component of a matrix H. Processing with 
the configuration in Fig. 9 yields the following equation: 



S«<7HGX 



H H H 
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where "DetH" is a constant having a frequency characteristic; thus, it can be 
seen that, even though a characteristic DetH is added to the emission signal S 
that, after receiving processing in Fig. 2, is emitted from the speaker, inner- 
case crosstalk components are completely removed from the emission signal S. 
In the case where the emission signal S should completely coincide with the 
input signal X, as many filters, having a characteristic 1/a DetH, as the number 
of speakers, i.e., N filters may be provided at the stage before or after the 
processing stage in Fig. 8. 

In addition, in the case where the transfer characteristics Hii and Hij 
are equal to each other or approximate each other enough to be regarded as 
equal, it is possible to assume that Hii = HD and Hij = HX. Accordingly, for 
example, in the case where speakers are symmetrically provided in a mobile 
terminal device, making transfer characteristics equal reduces production 
costs. 

A case where three speakers exist will specifically be explained below. 
In the first place, in the case where three speakers exist, the signal S emitted 

4— 

from the reproduction system, the driving signal Sd for driving the speaker, 
and the transfer characteristic Hare given by the following equation- 

S — P u 5 2 ,iS3| 

(25) 
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In this situation, it can be seen that the speaker emission signal S is 
given by the following equation and includes inner-case crosstalk components 
from other channels- 



HSd 

H u Sd t + H 2i Sd 2 + H 31 Sd 9 
HnSd^HaSdt+HnSdt 
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Now, the filter characteristic of Gis considered as follows: 



(29) 



The filter characteristic of G is assumed as Equation 29. where Qij is 

the cofactor of the (i, j) component of a matrix H. Processing with the 

configuration in Fig. 9 yields the following equation^ 
S-tfHGX 
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Accordingly, it can be seen that, even though a characteristic cr-DetH is 
added to the emission signal S emitted from the speaker, inner-case crosstalk 
components are completely removed from the emission signal S. 
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Fig. 9 is a block diagram illustrating the foregoing processing. In the 
case where the emission signal S emitted from a speaker should completely 
coincide with the input signal X, as many filters, having a characteristic 
1/a DetH, as the number of speakers, i.e., 3 filters may be provided at the stage 
before or after the processing stage in Fig. 3. 
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